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EXECUTIVE SUMMARY

One of the products of the Flight Service Station Engineering Laboratory located at
the Federal Aviation Administration (FAA) Technical Center is an engineering model
designed to explore, through development, test, and evaluation, the application of
digital technology to the mass dissemination of meteorological and aeronautical
information. A major component of this system is an Utterance Recognition Device
(URD) used for recognition of human speech over telephone lines. In the latter
part of 1979, the Technical Center undertook an extensive effort to upgrade the
URD in preparation for testing the capabilities of voice input for flight plan
filing.

The URD was modified to include more reliable components, where advisable, and a
larger memory to handle an expanded vocabulary. To improve recognition accuracy
and provide greater convenience (i.e., error-free recognition without cumbersome
repetition and annoying question and answer dialogue), it was essential to develop
sufficient capability to handle differences in pronunciation due to the regional
variation in speech between individuals. With the assistance of outstanding
linguists in American dialects, a dialect study was conducted to determine the
locations for collecting a nationally representative voice sample for use in
creating reference patterns capable of performing well on all American dialects.

The consensus of the experts suggested a speech sample from the locations and
dialect areas shown in figure E~l. The target sample was (100 male and 100 female)
from each location indicated in figure E-1. Each subject read the words in the
special purpose vocabulary over the telephone into a recording device. The veices
of the individuals reading the list of words were later processed into a vocabulary
data base.

The voice collection effort began in February 1980 and ended in January 1981.
During this period, 5,617 voices were collected and processed into a vocabulary
data base; 2,251 voices were recorded from FAA personnel. It was extremely
difficult for the Technical Center to unilaterally find diversity and number of
speakers required within the staff of FAA alone. For this reason, two other
government agencies were asked to assist the Technical Center in the collection of
data. Subsequently, an additional 3,366 voices were recorded from employees of the
Internal Revenue Service and Social Security Administration.

The hardware modifications were made in April of 1980. The new vocabulary data
base and recognition software were installed in November 1980. In January of k981,
initial tests were conducted in which subjects filed simulated flight plans
directly into the URD over the telephone. Fifteen subjects (12 male and 3 female)
from the Technical Center participated in the initial test. Fourteen subjects
tested were inexperienced users. That is to say, they were untrained and inemspert
in talking to an utterance recognition device. One subject, experienced in talking
to word recognition machines, was used in the test for the purpose of comparison.
Three of the subjects were general aviation pilots. The subjects differed in
cultural and geographic origin.
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Using the phonetic alphabet, a set of numbers, and several control words, each

subject entered four simulated flight plans — two with visual flight rules
(VFR) and two with instrument flight rules (IFR). However, not all of the flight
plan data were entered by voice recognition. As would reasonably be expected,

the requirement to spell out every flight plan entry phonetically reduces the
attractiveness of computerized word recognition or any other direct character—by-
character eatry system (i.e., Touch Tone™ or pilot self-briefing terminal (PSBT))
for flight plan filing. The fact is that, even at 100 percent accuracy, the
protracted length of the transaction seriously diminishes the attractiveness of
filing in this manner.

As a rule, the speech channel loses its appeal as the language departs more
and more from natural speech. On the other hand, by handling only those entries
that are sent to the National Airspace System (NAS) or destination Flight Service
Station by utterance recognition and the remaining entries by prompted .ccording,
the protoco!l is more natural and compatible with the task situation. This approach
is based on our assumption that the requirement to spell out every flight plan
entry character by character would try the patience of the users.

The results of the initial test are summarized in table 2, in the Results section
of this report. The numbers in column 2, '"Total Words Spoken," are the total
number of words spoken by the subject in entering all four flight plans. Column 3,
"Please Repeat," shows the number and percentage of utterances that were
unrecognized by the computer. This occurred when the computer could not make an
identification and, therefore, asked for a repeat speech sample. Column 4 reflects
the number and percentage of misrecognized words. Not all unrecognized and
misrecognized words were due to system error. A significant amount were a result
of user errors, such as speaking words that were not in the vocabulary data base,
speaking two or more words at a time, not confirming an entry with a "yes" or
a "no," speaking before the cue-tone, etc. Nevertheless, the majority of
misrecognitions were the result of system error. Column 5 shows the accuracy of
the flight plans as finally completed after corrections. The percent of accuracy
was determined by dividing the number of words recognized correctly by the number
of words in the flight plans. As reflected in column 5, 10 out of the 15 subjects
were able to file flight plans (two VFR and two IFR) that were 100 percent
accurate, The flight plan accuracy attained by the other five subjects ranged from
93.2 to 99.4 percent. The total number of words spoken by the subjects shown in
column 2 exceeds the number of words in the flight plans as shown in column 5. The
reason for this is that each entry must be confirmed with a "yes" or a "no"
(affirmative or negative). It is important to note that the overall accuracy after
corrections for all of the flight plans combined was 99 percent. 1In short, the
results of the initial test are exceptionally encouraging. It appears that the
dialect study and the voice collection effort led to an outstanding improvement in
recognition accurdcy.

In March 1981, a comparison was made between the old and new recognition
algorithms. A test set of 200 voices was entered against the old and new reference
patterns in order to gauge the improvement in recognition accuracy. The test
set was not used in the construction of the reference patterns and was selected
across recorded dialects. Judging from the results, as shown below, it would be
reasonable to assume that the improvement in accuracy with tke ne. “*-ta base would
raise the performance of the Mass Weather Dissemination Engineering Model to a
level quite satisfactory for the general pilot population. The model only uses the
following three vocabularies:




Accuracy With New

Improved Reference Patterns Data Base
1. "North, South, East, West, and Local" 97.2 percent
2. "Yes, No, Affirmative, and Negative" 97.9 percent
3. "File, Briefing, Specialist, Close, Amend" 96.5 percent

Since the test set included a broad range of American dialectal variation, it was
considered to be a reliable gauge for estimating how well the system might perform

on a nationwide basis.
After studying the test results, it was concluded that:
1. The prototype system, as demonstrated using the adaptation strategy f flight

plan filing, has definite potential for application to an enhanced Model of the
Flight Service Autcmation Program.

2. The requirement to spell out every flight plan entry character by ‘acter
would try the patience of the users. Even at 100 percent accuracy, the j ted
length of the transaction diminishes the attractiveness of filing in thi .aer,

3. The improvement in recognition accuracy with the new data base would raise the
performance of the Mass Weather Dissemination Program to a level quite satisfactory
for the general pilot population.

4. The dialect study and voice collection effort led to an outstanding improvement
in recognition accuracy.

The following recommendations are made:
1. Simplify the procedure for filing a flight plan by voice recognition. Obviate

the necessity for the pilot to spell out every flight plan entry character by
character.

2. Develop additional software to allow for further correction and edit capability.

3. Develop written instructions for training general aviation pilots on how to use
the system effectively.

4. Install a telephone line in the Millville, New Jersey, Flight Service Station
to allow volunteer general aviation pilots to access the system at the Technical
Center and file simulated flight plans by machine recognition. Project personnel
should collect objective and questionnaire data on system performance. (Note:
Approval from OMB must be obtained prior to testing.)

5. Encourage user growth by permitting the system to become progressively more

flexible with greater efficiency of input as the user's skill and confidence
increase.
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INTRODUCTION .

PLRPOSE .

The purpose of this effort was to develop and demonstrate tﬁéféébability
automatic filing of pilots' flight plans by computerized word recognition. Th.g
report presents the results of that effort.

=

HACKGROUND .

" major component of the Mass Weather Dissemination Exploratory Engineering Model
tocated at the Federal Aviation Administration (FAA) Technical Center is an
“tterance Recognition Device (URD) used for recognition of human speech over
~lephone lines. It is the only known commercially available recognition machisne
'a the United States designed for use on a switched telecommunications system.
“n 1979, the Technical Center was given the task by the Systems Research arnc
Development Service (SRDS) to develop and demonstrate the capability of automatic
flight plan filing by machine recognition. 1In response to the request from
SRDS, the Technical Center undertook an extensive effort to upgrade the URD in
preparation for testing the capabilities of voice input for automatic flight
plan filing. The URD was modified to include more reliable components, where
advisable, and a larger memory to handle the expanded vocabulary. Moreover, a
dialect study was conducted to determine the locations for collecting a nationally
representative voice sample in order to create reference patterns capable of
performing well on all American dialects. Subsequently, over 5,000 voices from 24
cities throughout the United States were collected and processed.

SYSTEM MODIFICATIONS

HARDWARE .

The URD improvement program included the purchase of four new components to the URD
system, These components were (1) a new floppy disk subsystem; (2) an extersion of
the internal D memory from 250 to 500 kilobytes; (3) a solid-state voice response
unit with a capability of 96 words; and (4) a new analog bay incorporating a number
vf 1mprovements.

FLOPPY DISK SUBSYSTEM. The old floppy disk was a Dynastor model which operarac at
a very high speed and utilized a floating head which did not physically contact tf:
storage medium, The disk was excellent for systems which remained operating
constantly over long periods of time, since the medium did not wear out. Standard
floppy disks had a wear problem in the days when tre URD was first designed. The
URD had many interruptions and changes in media due to the nature of development
work. The starting and stopping of this high speed system caused a large
percentage of system failures. In addition, the single Dynastor did not have the
storage capacity required for the expected new programs and the large data bas.
nccessary to change the flight plan filing program. Consequently, the Dynastor was
removed, and a dual DSD 440 floppy disk was installed in its place. The new disw
has twice the capacity, is not subject to difficulties from repeated loadings anu
unloadings, and exhibits only little more wear than the Dynastor.
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FIVE HUNDRED KILOBYTE D MEMORY. The D memory is the main fast and volatile

storage of programs and data base for the URD. The increase in data base size from
25 to 75 words in the data base (vocabulary memory) required this extension to the
systems capabilities.

SOLID-STATE VOICE RESPONSE UNIT. The URD depends om 1ts own voice response to

verify the word or string of words spoken before they are passed to the Interdata
7/32 computer. It has special routines to accomplish this and requires that each
word in the vocabulary, as well as prompting or questioning phrases, be included in
the Voice Response Unit (VRU). The previous system, a Cognitronics "speechmaker,"
was based on a revolving optical drum and was limited to 31 words. Verbex, the
manufacturer of the URD, had a new solid-state system based on the storage of
compressed digitized speech on 16 kilobyte E proms, one for each word of about
one-half second. The new system had a capacity of 96 words and was considerably
more reliable than the revolving drum.

NEW ANALOG BAY. The analog bay is that part of the URD that handles the eight

channels of telephone signals. It contains the amplifiers, channel switches,
analog to digital converters and a number of diagnostic subsystems. The new
analog bay was selected to replace the old one because it possessed the following
features: (1) better grounding reducing occasional cross talk on the telephone
channels; (2) automatic gain setting amplifiers which compensated for weak or
strong telephone lines; and (3) system diagnostic provisions which were developed
after the previous URD was built.

SOFIWARE .

The major reason for the new software was to change the capability from the weather
dissemination routine to the flight plan filing routine. Since the latter is a
more extensive program with regard to word recognition, two major changes were made
with respect to the previous program. The first of these was the ability to enter
words in strings of from two to five words separated by prompting 'beeps." The
string was then verified by being repeated with the voice response unit. The
second major change was that, once the user verified a string, each of the words
spoken were adapted to the stored patterns and became a new data base word during
the current telephone call and only on that caller's channel. This transparent
training of the system to the user's voice considerably improves the accuracy of
recognition upon subsequent use of those words.

In addition to these capabilities, the new software program controlled the auto-
matic gain setting of the channel amplifiers, controlled the verification and voice
response routines, and provided for more extensive diagnostics. The system was
also designed so that the 7/32 computer could command any of 15 subvocabulary
groups as appropriate to the current flight plan entry. Since these groups were
considerably smaller in number of words than the whole vocabulary, this resulted in
a significant increase in the probability of correct recognition.




DIALECT STUDY.

To help assure accuracy and convenience (i.e., error-free recognition without
cumbersome repetition and annoying question and answer dialogue), it was essential
to develop the capability to handle differen pronunciations of a given word due to
the variation in speaker dialects. Thus, a dialect study was conducted with the
assistance of outstanding linguists in American dialects. The purpose of this
study was to determine the locations for collecting a nationally representative
voice sample for use in creating reference patterns capable of performing well on
all American dialects. One of the major difficulties in speech recognition is the
variation in speech between individuals. It is important to note that the problems
of dialect differences, in relation to speech recognition, are a relatively new
area of investigation.

The design and results of the dialect study can be found in report number
FAA-RD-80-115 entitled "An Investigation into the Effects of Dialectal Variation on
Flight Plan Filing by Machine Recognition" dated January 1981.

The dialectal variations in pronunciation are generally written in International
Phonetic Association (IPA) symbolism. However, this notational system is so highly
specialized that readers outside this area of specialization could not be
expected to understanrd it. Therefore, to give the reader some idea of the
actual distinctions in dialect differences, a recording is contained in the above
mentioned report (FAA-RD-80-115) which includes selected regional pronunciations of
the words in the expanded vocabulary.

VOICE COLLECTION.

The dialect study identified 24 cities for voice collection. The voice collection
effort began in February 1980 and ended in January 198l1. During this period,
5,617 voices were collected and processed. The Technical Center arranged for
personnel in those cities to call a recording station located at Verbex,
Incorporated, of Bedford, Massachusetts. The voices of the individuals reading the
list of words were recorded for later processing into a vocabulary data base.
Originally, 2,251 voices were recorded from FAA personnel. It was extremely
difficult for the Technical Center to unilaterally find the number and diversity of
speakers required within the FAA alone. Subsequently, an additional 3,366 voices
were recorded from employees of the Internal Revenue Service and Social Security
Administration who participated in the data collection. Table 1 shows the number
of recorded calls by location.
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TABLE 1.  RECORDED CALLS FROM PREDETERMINED DIALECT AREAS
THROUGH MARCH 7, 1981 (END OF PROGRAM)

FAA IRS/Social Security

Chicago, Ill. 68 235
Atlanta, Ga. 181 239
Boston, Mass. 158 77
Los Angeles, Calif. 77 278
Rochester/Syracuse, N.Y. 22 74
Dayton/Columbus, Ohio 54 97
Philadelphia, Pa. 101 296
Labbock, Tex. 53 26
Knoxville, Tenn. 38 47
Metropolitan N.Y.C,. 220 256
Pittsburg, Pa. 95 207
Charleston, S.C. 34 38
Denver, Colo. 121 75
Portland, Oreg. 141 109
Kansas City Mo./Kans. 174 167
Little Reck, Ark. 109 104
Milwaukee, Wis. 91 136
Richmond, Va. 50 192
New Orleans, La. 88 88
Fort Worth/Dallas, Tex. 155 78
Miami, Fla. 57 49
North Carolina¥* - 116
City not available¥* 164 382

TOTAL CALLS 2,251 3,366

*A special effort was made to record voices from the coastal areas
of North Carolina in addition to those locations identified in
the dialect study.

**Callers did not indicate the city they were calling from.

Total

303
420
235
355

96
151
397

79

476
302

196
250
341
213
227
242
176
233
106
116
546

5,617
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PROCEDURE

The hardware modifications were made in April of 1980. The new vocabulary data
base and recognition software were installed in November 1980. In January of 1981,
initial tests were conducted in which subjects filed simulated flight plans
directly into the URD over the telephone. Fifteen subjects — twelve male and
three female — from the Technical Center participated in the initial test.
Fourteen subjects tested were inexperienced users. That is to say, they were
untrained and inexpert in talking to an Utterance Recognition Device. One subject,
experienced in talking to word recognition machines, was used in the test for the
purpose of comparison. Three of the subjects were general aviation pilots. The
subjects differed in cultural and geographic origin. They indicated the following
geographic areas as best representing their accent: West Virginia, New York City,
Northern Pennsylvania, Virginia, Southern New England, South Jersey, Central New
York State, Philadelphia, Upper Ohio Valley, Central Pennsylvania, Southeastern
Pennsylvania. 1In addition to the above, one subject identified his accent as
"General American."

Each subject entered four simulated flight plans: two VFR and two IFR. However,
not all of the flight plan data were entered by voice recognition. As would
reasonably be expected, the requirement to spell out every flight plan entry
phonetically reduces the attractiveness of computerized word recognition or any
other direct character~by-character entry system (i.e., Touch-Tone™ or pilot
self-briefing terminal) for flight plan filing. The fact is that even at
100 percent accuracy, the protracted length of the transaction seriously diminishes
the attractiveness of filing in this manner. As a rule, the speech channel loses
its appeal as the language departs more and more from natural speech. On the other
hand, by handling only those cntries that are sent to the National Airspace System
or destination Flight Service Station by machine recognition and the remaining
entries by prompted recording, the protocol is more natural and compatible with the
task situation. Using the standard flight plan (FAA Form 7233-1), figures 1
through 4 show the entries in the test made by machine recognition and thoce made
by prompted recording. The shaded portion of each flight plan indicates the
entries made by voice recognition. The unshaded portion indicates the entries that
were recorded. The phonetic alphabet, the digits zero through niner, plus the
numbers 'hundred" and "thousand” and a set of control words were used for making
entries by voice recognition. The recorded entries were made in natural language.

To illustrate the order in which the information was entered and the structure of
the dialogue, a verbatim transcript of one test subject's actual transaction is
shown in figures 5 and 6. Figure 5 is the protocol used for a VFR flight plan.
Figure 6 shows the IFR protocol. The user~computer dialogue has a resemblance to
normal human conversation. This enables the system to be compatible with human
cognitive style.

There are two automatic error correction routines which occur when "no" is received
instead of "yes" after verification. When "no" is received after a string is
entered, the URD says "Sorry, try again." After the string is reentered and a
"no" received again, the URD says "Sorry, was the first word ___?" If "yes,"” it
says "Was the next ___?" 1If "no," it says "What was it?" 1If the answer to that
was, for example, "S5," the URD will say "Did you say 57" If the response by the
caller is "yes," it will store the word and move on to the next, etc. If the
response is "no," it will eliminate "5" from the vocabulary and say "What did
you say?" In this fashion, it will soon find the correct word as long as "yes" and
"no" are properly recognized. :
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Camputer:

User:
Computer:
User:

Jomputer:

-User:

Computer:

Computer:

User:
Computer:
User:
Computer:
User:
Computer:
User:

Computer:

Deear:

Hello, this is the pilot sutomsted briefing system. Detasilad operating
instructioms are availadle for the new or occasiomal user. Do you wish
detsiled operating instructions? Please say yes or no immediately after
the cue-tone.

Negative,
Say briefing, file, amend, specialist, or close.
File,

Standby to speak your flight plsa immediately after the cus—tone. Do you
wish to file & VFR flight plan? Say affirmative or nagstive,

Affirmstive.
Did you say affirmative?!
Yes.

Por the following entries, use the phonetic slphabet, numbers, and the
words point, slant, hundreds, thoussnds, snd enter. All entries are
terminated with the vord enter. After the last element of the route of
Elight has beswm entered, say the word eater by i f to proceed with
your flight plaa. You must confirs all entries by saying atfirmative
or segative. There will be no beep-tome when the girl aske & question.
Swter aircraft call sign.

Noveuber Seven Thres Sevea Kilo.
November Sevea Thres Seves Kilo?
Atfirastive.

Continue .

Alpha Buter.

\lpha Eunter?

Affirmstive.

Bater eircraft type.

Paa Alpha Two Bight Eater.

: Paps Alphs Two Bight Enter?

Tas.

; Buter destination identifier.

Alpha Onarlie Rilo Rater.

: Alpha Charlie Kilo Rater? N

Aftirmative,

: Bater proposed departwre time.

Ooe Three Three Five Eater.

: One Thres Three Pive Enter?

Yes.

Gater estimated time en rowte.

FIGURE 5.

U’ur:
Computer:
User:

Computer:

User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
Vser:
Computer:
User:
Computer:
User:

Computer:

User:
Computer:
User:

Computer:

Zero Two Four FPive Enter.

Zero Two Four Five Enter?

Yes.

The following information is recorded on sudio tape. Pleast use natursl
spaech vhen you snswer the question. A silence of Z seconds, sfter
your respouse, will advance you to the next question. Euter point of
departure.

Delaware Airpark.

Bater true airspeed.

120.

Enter altitude.

7 thousand, 5 hundred.

Enter special equipment code.

Tango.

Rater route of flight.

Direct Coyle direct Providence.

Rater alternete airport.

Bostom.

Bater fual on board.

4 hours and 30 winutes.

Roter nusber on board.

2.

Bater color of sircraft.

Brown and gold.

Eacer homs base.

Wantucket.

Kater pilot's name, address, snd telephone oumber.

Subject’s name, ;Idrun. and telepbone number.

Inter remarks.

BT 0.K.

Your flight plen sas been sccepted and filed. Do you require additiocal
assistance” ©

Wegative.
Did you sey nagstive?
Yes. ‘

Thamk you. Nave a good day.

VFR PROTOCOL (VERBATIM TRANSCRIPT)




Computer:

User:
Computer:
User:

Computer:

User:
Computer:
User:

Computer:

User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computers
User:

Conputer:

fello, this is the pitot’s automated briefing system. Detesiled operating
instructions are available for the new or occasional user. Do you wish
detailed opersting instructions? Please say yes or no immediately after
the cue-toae.

Negative.

Say briefing, file, smend, specislist, or close.

File.

Standby to speak your flight plan immediately after the cue~tone. Do you
wish to file a VFR flight plan? Say affirmstive or negstive.

Negative.

Did you say negative?

Yes.

For the following entries, use the phonetic alphabet, numbers, and the
words point, slant, hundreds, thousands, and enter. All entries are
terminated with the word eater. After the last element of the route of
flight has been entered, say the word enter by itself to proceed with
your flight plan. You must confirm all entries by saying affirmative or
negative. There will be beep-tone when the girl asks & question. Enter
aircraft call sign.

November Pour One Zero Whiskey.

November Four One Zero Whiskey?

Aftirmative.

Cont inue.

Bravo Enter.

Bravo Enter?

Yes.

Enter sircraft type and special equipment code.

Golf Two Slant Foxtrot Enter.

Colf Two Slant Foxtrot Enter?

Yes.

Enter destination identifier,

Tengo Papa Alpha Enter.

Tango Papa Alpha Enter?

Yes.

Enter proposed departure time.

Zero Eight Five Zero Enter.

Zero Eight Pive Zero Enter?

Yeo.

Enter estimated time en route.

Zero Two Two Zero Enter.

2Zero Two Two Zero Eater?

Yes.

Enter true sirspeed.

Four Four Zero Enter.

Pour Four Zero Enter?

Yes.

Eater departure identifier.

Tengo Tang» Noveamber Enter.

Tonge-Songe-ovenbe: Sater!

Yes.

Snter preposed altitude.

Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:

Computer:

User:
Computer:
User:
Computer:
User:
Qemputer:
User:

Computer:

Enter next roufe element.
Romeo Indis Charlie Eater.
Romeo India Cherlie Enter?
Yes.

Enter next route element.
Juliette Five Two Enter. 1
Juliette Yive Two Enter?

Affirmative.

Enter next route element.

Charlie Alpha Echo Eater.

Charlie Alpha Echo Enter?

Yes.

Enter next route element.

Juliette Seven Five Enter,

Juliette Seven North Enter?

Wegative.

Sorry — try again.

Juliette Seven Five Enter.

Juliette Seven FiVe Enter?

Yes.

Enter next route element.

Tango Alpha Yankee Enter.

Tango Alphs Ysnkee tater?

Yes.

Eater next toute element.

Juliette One Ome Wimer Eater.

Juliette One One Wimer Rater?

Yes.

Enter next route elewent.

Bater.

Eater?

Yas.

Enter rewacrkes.

Alpha Delta Charlie Unifora Eater.

Alphs Delts Charlie Uniform Enter?
Affirmative.

The following information is recorded on aud

speech when you answer the questien. A silef
L s will od you to the next quest

$t. Petersburg.
Sater fuel on board, L
& hours.

Enter aumber oa board.

10.
fater coier of mireraft. |
Orange and brows.
tater hame base.




1astructions Bre

Romec India Charlie Enter.

Roweo India Charlie Enter?

Yes.

Eater next route element.
Juliette Five Two Enter.
Julietce Pive Two Encer?
Affirmative.

Enter next route element.
Charlie Alpha Echo Enter.
Charlie Alpha Echo Enter?

Yes.

Enter next route element.
Juliette Seven Five Enter.
Juliette Seven Worcth Enter?
Kegative.

Sorry — tvy again,

Juliette Seven Five Enter,
Juliette Seven FiVe Enter?

Yes.

Enter pext route element.

Tango Alpha Yankee Enter.

Tango Atphx Yenkee Enter?

Yes . 7

Enter gext route element.
Juliette One One Niner Eater.
Juliette One One Miser Enter?
Yes.

Eater aext route efement.

Enter,

Enter?

Yes.

Enter remscks.

Alpha Delta Charlie Uniform Enter.
Alpha Delta Charlie Uniform Enter?
Affirmative.

The following ial .aeation is recorded on audio l;p(. Please use natural
speech when you answer the question. A silence 6f 2 saconds, after yosr
response, will advance you to the next question. Enter slternste airport.
$t. Petevsburg.

Eater fuel on bosrd.

4 hours.

Enter aumber on board.

10.

Bater color of amircraft.

Orange and brows.

Enter home base.

Philadelphian.

Enter pilot's name, address, and telephone number.
Subject’s name, sddress, snd telephone number.

Your £light plan has been excepted and filed. Do you require sdditionsl
assistance?

Negative.

Theok you. Have a good day.

detailed operating instructions? Please ssy yes or no immediately after User:
the cue-toae.
. Computer:
User: Negative,
. User:
Computer: Say briefing, file, smend, specislist, or close.
Computer:
User: File.
User:
Computer: Standby to speak your flight plan immediately after the cue-tone. Do you
wish to tile o VPR flight plan? Say affirmative or negative. Computer:
User: Negative. User:
Computer: Did you say Regative? Computer:
User: Yes. User:
Computer: Por the following entries, use the phonetic alphabet, numbers, and the Computer:
words point, slent, hundreds, thousasmde, end enter. All eatries are
terminated with the word enter. After the last element of the route of User:
flight has been entered, say the word enter by iteelf to procedd with
your flight plan. You must confirm alt euntries by saying affirmative or Computer:
negative. Theve will be beep-tone when the girl asks & question. Enter
aircraft call sign. User:
User: Novesber Pour One Zero Whiskey. Computer:
Computer: Novewber Four One Zero Whiskey? User:
User: Affirmative. Computer:
Computer: Continue. User:
User: Bravo Enter. Computer:
Computer: Bravo Enter? User:
User: Yes. Computer:
Computer: Enter aircraft type and special equipment code. User:
User: Colf Two Slant Foxtrot Encer. Computer:
Computer: Colf Two Slant Foxtrot Eater? User:
User: Yes. Computer:
Computer: Enter destination ideatifier. User:
User: Tengo Papa Alphs Enater. Computer:
Computer: Tango Paps Alpha Enter? User:
User: Yes. Cosputer:
Computer: Enter proposed depsrture time. User:
User: Zero Eight Five Zero Enter. Cowputer:
Computer: Zero Eight Five Zero Enter? User:
User: Yes. Computer:
Comput €r: Enter estivated tile en roufe. User:
User: Zerc Two Two Zero Eater. Computer:
Computer: Zero Two Two Zero Zauter? User:
User: Yes. Computer:
Comput#r: Zater true airspeed.
tipury: Four Four Zero Enter. User:
Computar: Four Four Lero Enter? Comput ér:
User Yes. User:
Computer: Eater departure identifier. Computer:
Uoser: Yango Tango November Enter. User:
Computer: Touge Tenge Novenber Snter? Computer:
User: Yes. Vsear:
Computer: Enter preposed altituwde. Computer:
UYser: Three Wamer Rere Unter. Vaer:
Computer: Three Niner Zero Enter? Computer:
User: Tes. User:
Computer: There i1s o preferred route for your entry? Enter first route element. Computer:
Uoer: Tango Tango Bovewber Two Snter.
User:
Computer: Tango Tenge Rovewber Two Enter?
Computer:
User: Yes.
FIGURE 6. 1FR PROTOCOL (VERBATIM TRANSCRIPT)
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RESULTS

INITIAL TESTS.

Table 2 summarizes the results of the initial test. The numbers in column 2, Total
Words Spoken, are the total number of words spoken by the subject in entering all
four flight plans. Column 3, Please Repeat, shows the number and percentage of
utterances that were unrecognized by the computer. This occurred when the computer
could not make an identification and therefore asked for a repeat speech sample.
Column 4 veflects the number and percentage of misrecognized words. Not all
unrecognized and misrecognized words were due to system errvor. A significant
amount were a result of user errors, such as speaking words that were not in the
vocabulary data base, speaking two or more words at a time, not confirming an entry
with a "yes" or a "no," speaking before the cue-tone, etc. Nevertheless, the
majority of misrecognitions were the result of system error. Column 5 shows the
accuracy of the flight plans as finally completed after corrections. The percent
of accuracy was determined by dividing the number of words recognized correctly by
the number of words in the flight plans. As reflected in Column 5, ten out of the
fifteen subjects were able to file flight plans (two VFR and two IFR) that were
100 percent accurate. The flight plan accuracy attained by the other five subjects
ranged from 93.2 to 99.4 percent, The total number of words spoken by the subjects
shown in Column 2 exceeds the number of words in the flight plans as shown in
Column 5. The reason for this is that each entry must be confirmed with a "yes" or
a "no" (affirmative or negative). It is important to note that the overall
accuracy after corrections for all of the flight plans combined was 99 percent.

Tables 3 through 17 show the results obtained by each subject for each flight plan.
The subject numbers correspond to the numbers shown in table 2, Summary of Initial
Test Results.

Table 18 shows the time taken for each subject to complete each of the four flight
plans. It should be pointed out, however, that the time necessary to complete a
flight plan could be substantially reduced by shortening the interval between
cue~tones and prompts, and by eliminating the long explanatory message.

Table 19 identifies the words that were misrecognized more than once. These are
listed in column 1. Column 2 shows the words they (the misrecognized words 1in
column 1) were confused with. Column 3 lists the number of times the words
were confused. Column 4 identifies the speaker (by number) of the misrecognized
word. The speaker numbers shown in column 4 correspond to the subject numbers in
table 2.

As shown in table 19, the system misrecognized the word "affirmative" and confused
it with "negative" seven times. The word "negative" was misrecognized and confused
with "affirmative" five times. The "ative" sound patterns are nearly identical in
both words. "Yes" was misrecognized and confused with "no" six times, while "no"
was confused with "yes" twice. There are methods, however, for reducing this type
of confusion, especially when there are only four possible words expected.

As reflected in table 19, the word "eight" was confused with six other words.
"gight” is a confusable word with all recognition techniques. It is a low energy
word, especially if spoken without a clear "t" plosive sound at the end. The
word "enter" was also confused with a number of words; particularly with the word

12




"attention." Five different speakers confused it with "attention" eight times.
The test results showed that "enter'” was recognized much more readily when the ''t"
was given a little emphasis., The word "five" was confused with "Mice" five times
by three speakers. The "five"/"Mike" confusion is a common one and will b
difficult to overcome. The "November" confusions suggest that something is wrong
with the "November" reference pattern. This can probably be corrected. It can be
seen from examining column 4 of table 19 that subject number 13 and 15 contributed
a disproportionate number of misrecognitions.

The confusion between "affirmative" and '"negative' or between "yes'" and "no" often
led to a chain reaction of other errors due to the nature of the correction
routine. If "yes" was confused with "no," the correct word was temporarily
eliminated from the vocabulary thus causing a series of other mistakes. The
excerpt below, from an actual transaction, will illustrate this problem. Because
"yes" was confused with "no," the correct word "November" was temporarily
eliminated from the vocabulary. The system then made the next best choice from a
set of word patterns that did not include the pattern for November. Thus, further
errors occurred until the completion of the correction cycle, at which time the

pattern for November was reentered in the vocabulary.

Computer: Enter aircraft call sign.

User : Romeo Alpha November Two Seven.
Computer: Romeo Alpha November Two Attention?
User : No.

Computer: Sorry! Try again.

User : Romeo Alpha November Two Seven.,
Computer: Romeo Alpha November Two Attention?
User : No.

Computer: I'm sorry! Was your first word Romeo?
User : Yes.

Computer: Was the next Alpha?

User : Yes.

Computer: Was the next November?

User : Yes.

Computer: What was it?

User : November,

Computer: Did you say Hotel?

User : No.

Computer: What did you say?

User : November.

Computer: Did you say Lima?

User : No.

Computer: Enter aircraft call sign.

User : Romeo Alpha November Two Seven.
Computer: Romeo Alpha November Two X-ray?
User : No.

Computer: Sorry! Try again.

User : Romeo Alpha November Two Seven.
Computer: Romeo Alpha November Two Seven?
User : Yes.

Computer: Continue.

13
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TABLE 2. SUMMARY OF INITIAL TEST RESULTS

[ PR R
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b — - -

Total Words Please " Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
No. of Words Correct/
No. No. Percent No. Percent No. of Words in FP Percent

1. Experienced 242 1 0.41 1 0.41 177/177 100

2. Inexperienced 247 2 0.81 0 0.00 177/1717 100

3. Inexperienced 266 2 0.75 5 1.88 177/177 100

4, Inexperienced 271 1 0.37 8 2.95 177/117 100

5. Inexperienced 265 5 1.89 6 2.26 177/177 100

6. Inexperienced 274 3 1.09 9 3.28 177/177 100

7. Inexperienced 291 1 0.34 13 4.47 177/177 100
8. Inexperienced 279 3 1.08 11 3.94 176/177 99.44

9. Inexperienced 308 1 0.32 17 5.52 174/174 100

10. 1Inexperienced 330 4 1.21 20 6.06 177/177 100

11. Inexperienced 328 8 2.44 18 5.49 177/117 100
12. Inexperienced 318 4 1.26 25 7.86 169/177 95.48
13. Inexperienced 351 5 1.42 29 8.26 1757177 98.87
14. Inexperienced 357 8 2.24 33 9.24 175/177 98.87
15. Inexperienced 347 13 3.75 3 8.93 163/177 93.22
Totals 4,474 61 1.36 226 5.05 2627/2652 99.06

h . i




1

Flight

Plan

VFR-1

VFR-2

IFR~1

IFR-2

Total

Total Words
Spoken
No.
37
34
77
94

242

No,

TABLE 3. SUBJECT NUMBER 1 (EXPERIENCED USER)
Please Misrecognized Accuracy of Flight Plans
Repeat Words After Corrections
Percent of Words Correct/ Time
Percent No. Percent No. of Words in FP Percent Min:Sec
0.00 0 0.00 26/26 100 4:12
0.00 0 0.00 24/24 100 4:04
1.20 1 1.30 53/53 100 6:01
0.0% 0 0.C0 74/74 100 7:27
0.4 1 0.41 177/177 100 -
- . - :




TABLE 4. SUBJECT NUMBER 2 (INEXPERIENCED USER)

Total Words Please Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
Flight Percent of Words Correct/ Time
_Plan No. No. Percent No. Percent No. of Words in FP Percent Min: Sec
VFR-1 38 0 0.00 0 0.00 26/26 100 4:29
VFR-2 35 0 0.00 0 0.00 24/24 100 4:12
IFR-1 72 1 1.39 0 0.00 53/53 100 5:51
IFR-2 102 1 0.98 o 0.00 14/74 100 6:58
Total 247 2 0.81 0 0.00 177/1717 100 -




Total Words
Spoken
3
? Flight
Plan No. No.
— VFR-1 53 1
~4
; VFR-2 37 0
IFR-1 82 1
i
IFR-2 94 0
Total 266 2
- i e W, R SR '

TABLE 5. SUBJECT NUMBER 3 (INEXPERIENCED USER)

Please Misrecognized Accuracy of Flight Plans
Repeat Words After Corrections
Percent of Words Correct/ Time
Percent No.  Percent No. of Words in FP Percent Min:Sec
1.89 3 5.66 26/26 100 5:09
0.00 0 0.00 /24 100 4:09
1.22 2 2.44 53/53 100 5:56
0.00 0 0.00 74/74 100 8:29
0.75 5 1.88 177/177 100 -
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Flight

Plan

VFR-1

VFR-2

IFR-1

IFR-2

Total

Total Words
Spoken
No.
45

39

No.

0

1

TABLE 6. SUBJECT NUMBER 4 (INEXPERIENCED USER)
Please Misrecognized Accuracy of Flight Plans
Repeat Words After Corrections
Percent of Words Correct/ Time
Percent No. Percent No. of Words in FP Percent Min:Sec
0.00 2 4,44 26/26 100 4:42
2,56 1 2.56 26/24 100 4:32
0.00 0 0.00 53/53 100 5:39
0.00 5 4 _T4/74_ 100 8:18
0.37 8 2.95 177/177 100 -




61

Flight
Plan

VFR-1
VFR-2
IFR-1
IFR-2

Total

Total Words
Spoken

No.
49
32

83

101

265

No.

2

TABLE 7.

Please
Repeat

Percent

4.08

0.00

SUBJECT NUMBER 5 (INEXPERIENCED USER)

Misrecognized Accuracy of Flight Plans
Words After Correctioms
Percent of Words Correct/ Time

No. Percent No. of Words in FP Percent Min:Sec

2 4.08 26/26 100 5:09

0 0.00 24/24 100 4:19

3 3.61 53/53 100 6:38
1 0.9 1476 100 1:30

6 2.26 177/177 100 -
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Flight

Plan

vrR-1
VFR-2
IFR-1
IFR-2

Total

Total Words

Spoken
No. Mo,
37 0
35 1
86 1
116 1
274 k)

TABLE 8.

Please
Repeat

Percent

0.00

SUBJECT NUMBER 6 (INEXPERIENCED USER)

Misrecognized Accuracy of Flight Plans
Words After Corrections
Percent of Words Correct/ Time

No. Percent No. of Words in FP Percent Min:Sec

0 0.00 26/26 100 4:27

1 2.86 /24 100 4:38

3 3.49 53/53 100 7:08
3 4.31 14/14 100 8:53

9 3,28 177/177 100 -

-
S
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TABLE 9, SUBJECT NUMBER 7 (INEXPERIENCED USER)
Total Words Please Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
Flight Percent of Words Correct/ Time
Plan Ro. Ro. Percent No, Percent No. of Words in FP Percent Min:Sec
VFR-1 55 0 0.00 3 5.45 26/26 100 5:08
~
. vFR-2 37 0 0.00 3 8.11 24/24 100 4:23
IFR-1 74 0 0.00 1 1.35 53/53 100 5:39
1FR-2 125 1 0.8 6 4.8 14/74 100 8:17
Total 291 1 0.34 13 4.47 1711 100 -
ket - .
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[44

Flight

Plan

VFR-1
VFR~-2
IFR-1
IFR-2

Total

Total Words
Spoken
No.
45
41
87
106

279

No.

1
1

w2

TABLE 10.

Please
Repeat
Percent
2.22
2.44
0.00
0.9

1.08

SUBJECT NUMBER 8 (INEXPERIENCED USER)

Misrecogn::2d Accuracy of Flight Plamns

Words After Corrections
Percent of Words Correct/ Time
No. Percent No. of Words in FP Percent Min:Sec
1 2,22 26/26 100 4:49
1 2.44 264/24 100 4:50
7 8.05 53/53 100 6:52
2 i.89 73/74 98.65 7:57
i1 3.94 176/177 99.44 -
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TABLE 11. SUBJECT NUMBER 9 (INEXPERIENCED USER)
Total Words Please Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
Flight Percent of Words Correct/ Time
Plan No. No. Percent No. Percent No. of Words in FP Percent Min:Sec
VPR~-1 51 0 0.00 2 3.92 26/26 100 4:54
VFR-2 40 0 0.00 1 2.50 24/24 100 4:22
1IFR-1 105 0 0.00 9 8.57 53/53 100 7:25
IFR-2 1n2 1 0.89 5 4.46 71/71 100 8:22
Total 308 1 0.32 17 5.52 174/174 100 -
\
JEE— o . C
: —~ -
. J‘h’—-———‘-’ . ‘




"

TABLE 12.  SUBJECT NUMBER 10 (INEXPERIENCED USER)

Total Words Please Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
Flight Percent of Words Correct/ Time
Plan No. No. Percent No. Percent No. of Words in FP Percent Min:Sec
VFR-1 51 2 3.92 2 3.92 26/26 100 5:31
VFR-2 40 0 0.00 2 5.00 24/24 100 4:39
IFR-1 128 0 0.00 14 10.94 53/53 100 9:17
IFR-2 111 2 1.80 2 1.80 74/74 100 7:53
Total 330 4 1.21 20 6.06 177/137 100 C--
- . ‘ ~
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TABLE 13. SUBJECT NUMBER 11 (INEXPERIENCED USER)

Total Words Pleasge Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
Flight Percent of Words Correct/ Time
Plan No. No. Percent No. Percent No. of Words in FP Percent Min:Sec
VFR-1 47 1 2.13 1 2.13 26/26 100 5:24
~N
- VFR-2 47 2 4.2 2 4.26 2/26 100 5:08
IFR-1 116 3 2.59 11 9.48 53/53 100 8:14
IFR-2 118 _2 1.69 4 3.39 24/74 100 8:44

Total 328 8 2.44 18 5.49 177/117 100 -




TABLE 14. SUBJECT NUMBER 12 (INEXPERIENCED USER)

Total Words Please Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
Flight Percent of Words Correct/ Time
Plan No. No, Perceat No. Percent No. of Words in FP Percent Min:Sec
VFR-1 68 1 1.47 7 10.29 26/26 100 5:41
~
- VFR-2 36 3 8.3 5 13.89 21/24 87.50 4:30
IFR-1 105 0 0.00 8 7.62 52/53 98.11 7:30
IFR-2 109 o 0.00 5 4,59 70/74 94.59 7:45
Total 318 4 1.26 25 7.86 169/177 95.48 -
i i W
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TABLE 15. SUBJECT NUMBER 13 (INERXPERIENCED USER)
Total Words Please Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
Flight Percent of Words Correct/ Time
Plan No. No. Percent No. Percent No. of Words in FP Percent Min:Sec
VFR-1 79 2 2.53 11 13.92 26/26 100 6:49
~
= VFR-2 54 1 1.85 7 12.96 23/24 95.83 5:15
IFR-1 72 0 0.00 1 1.39 53/53 100 5:42
1FR-2 146 2 1.37 10 6.85 13/74 98.65 9:50
Total 351 5 1.42 29 8.26 17571717 98.87 -
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Flight

Plan

VFR-1
VFR-2
IFR-1
IFR-2

Total

Total Words
Spoken
No.
77
40
9%
146

357

No.

2

TABLE 16.

Please
Repeat

Percent

2.60
2.50

0.00

SUBJECT NUMBER 14 (INEXPERIENCED USER)

— s et d

Misrecognized Accuracy of Flight Plans
Words After Corrections
Percent of Words Correct/ Time
No. Percent No. of Words in FP Percent Min:Sec
10 12.99 26/26 100 7:03
1 2.50 24/24 100 4:31
7 7.45 52/53 98.11 7:13
15 10,27 73/74 98.65 10:15
33 9.24 175/177 98.87 -
e




TABLE 17.  SUBJECT NUMBER 15 (INEXPERIENCED USER)

Total Words Please Misrecognized Accuracy of Flight Plans
Spoken Repeat Words After Corrections
{ Flight Percent of Words Correct/ Time
‘ Plaa No. No. Percent No. Percent No. of Words in FP Pexcent Min:Sec
|
' VFR~1 69 7 10.14 17 24,64 19/26 73.08 6:52
| ~
@
! VFR-2 34 1 2.94 0 0.00 23/24 95.83 b4:h4
]
‘ IFR-1 115 3 2.61 ? 6.09 53/53 100 s:11
' 1FR-2 129 2 1.55 a 5.43 70/74 94,59 10:10
Total 347 13 3.75 31 8.93 1657177 93.22 -
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10.

11.

12,

13

14,

15.

TABLE 18.

User

Experienced

Inexperienced
Inexperienced
Inexperienced
Inexperienced
Inexperienced
Inexperienced
Inexpe ~ienced
Inexpe 1enced
Inexperieaced
Inexperienced
Inexperienced
Inexperienced
Inexperienced
Inexperienced

Average Time

TIME TAKEN TO COMPLETE FLIGHT PLANS

VFR-1 VFR-2
(min:sec) (min:sec)
4:12 4:04
4:29 4:12
5:09 4:09
4:42 4:32
5:09 4:19
4:27 4:38
5:08 4:23
4:49 4:50
4:54 4:22
5:31 4:39
5:24 5:08
5:41 4:30
6:49 5:15
7:03 4:31
5:21 4:33

30

IFR-1

6:01
5:51
5:56
5:39
6:38
7:08
5:39
6:52
7:25
9:17
8:14
7:30

5:42

IFPR-2
(min:sec)

7:

6:

8:
7:
9:

10:

27

58

:29
:18
:30
153
117
:57
$22
153

44
45
50

15

10:10

8:

27

Eeme o, g
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TABLE 19. WORDS MISRECOGNIZED MORE THAN ONCE
Words Misrecognized Confused No. of Speaker

More Than Once With Times No.
Affirmative Negative 7 8, 11, 14, 13
Affirmative X-ray 2 14
Alpha Delta 1 13
Alpha Papa 2 15
Alpha Uniform 1 8
Alpha Whiskey 1 11
Alpha X-ray 2 11
Alpha Six 1 14
Alpha Hundred 1 14
Bravo Lima 2 6
Bravo Papa 1 6
Delta Alpha 4 15
Delta Thousand 1 6
Echo Hotel 1 10
Echo Kilo 1 10
Echo Tango 1 4
Eight Enter 1 13
Eight Juliette 2 13
Eight Lima 2 14
Eight Victor 8 4, 7, 14, 13
Eight Yankee 1 8
Eight Six 5 7, 6
Enter Attention 8 4, 7,9,11, 6
Enter Alpha 2 4, 7
Enter Echo 1 15
Enter November 2 9
Enter Paps 1 7
Enter Tango 2 9, 14
Enter Uniform 2 7, 8
Enter Victor 5 9, 13, 15
Enter X-ray 1 14
Enter Six 1 2
Enter Seven 1 13
FPile Specialist 1 13
Five Echo 1 14
Five Foxtrot 2 8, 2
Five Hotel 1 2
Five Mike S 2, 12, 11
Five Nine 1 7
Five Oscar 1 12
Five Point 1 8
Five Victor 2 13, 15
Five Whiskey 1 12
Five One 3 4, 12
Five Pour 1 11
Five Nine 1 &
Four Tango 1 8
Pour Victor 1 11
Juliette India 1 14
Juliette Slant 2 14
Juliette Uniforms 1 13
Juliette Three 1 7
Juliette Nine 1 1
Kilo 2ero 2 2
Kilo Hundred 1 14
Negative Affirmative S 9, 14, 135
Negative Affirmative 2 6, 13
November Attention 1 3
November Reho 1 ]
November Bater 1 2

. Rovember Notel 1 9
Novesmber Kilo 1 3
November Lins 1 9
November Uniform 6 10, 15
November Victor 2 11, 14
poy b = [ [V, Y § I ¥ N




[ 1411 4.2 4 N
Enter Alpha 2 4, 7
Enter Echo 1 15
Enter November 2 9
Enter Papa 1 7
Enter Tango 2 9, 14
Enter Uniform 2 7,8
Enter Victor S 9, 13, 15
Enter X-ray 1 14
Enter Six 1 2
! Enter Seven 1 13
File Specialist 1 13
Five Echo 1 14
Five Foxtrot 2 8, 2
Five Hotel 1 2
Five Mike 5 2, 12, 11
Five Rine 1 7
Five Oscar 1 12
Five Point 1 8
Five Victor 2 13, 15
Five Whiskey 1 12
Five One 3 4, 12
Five Four 1 11
Five Nine 1 4
Four Tango 1 8
Four Victor 1 11
Juliette India 1 14
Juliette Slant 2 14
Juliette Uniform 1 15
Juliette Three 1 7
Juliette Nione 1 11
Kilo Zero 2 2
Kilo Hundred 1 14
Negative Affirmative b 9, 14, 15
Negative Affirmative 2 6, 13
November Attention 1 3
November Echo 1 8
) November Enter 1 2
. Movewber Hotel 1 9
November Kilo 1 3
November Lima 1 9
Novewber Uniform 6 10, 15
Novewber Victor 2 11, 14
November X-ray 5 10, 11, 14
One Nine 1 6
One Hundred 1 14
Papa Bravo 1 2
Papa Oscar 1 14
Pape X-ray 2 11, 15
- Seven Attention 2 9
b Seven Kilo 3 12
Seven Lima 3 i3
w Seven November 1 13
- Seven Uniform | 12, 11
Seven X~-ray 2 10
Seven Three 1 14
Seven Hundred 1 7
Tango Echo 2 14, 15
Tango Kilo 1 9
Tango X-ray 1 14
Two Delta 1 8
Two Echo 2 12, 3
Two November 1 15
Two Tango 1 3
Two X-ray 1 15
Two Zulu 4 15
Two Zero 1 13
Victor Echo 2 10, 14
Victor Quebec 1 15
Victor Sierra 1 10
Victor Unifora 3 10
Victor X~ray 1 10
Victor 8ix 1 10
Victor Niner 1 3
| Affirmative Negative 6 11, 12, 13, 15
| Zero Sierra 3 9, 6, 13
1 8

Zero Victor 2




COMPUTER VOICE.

The system communicated with the user through stored human speech. The users found
the voice to be friendly, polite, and assuring. It should be remembered that
recognition failure can cause the user to become frustrated and to lose confidence
in the system. If the voice used by the system can reduce frustration, then it
seems advisable to provide user-friendly dialogue.

COMPARISON OF OLD AND NEW REFERENCE PATTERNS.

The old data base consisted of 500 voices saying the digits, the words "yes" and
"no," and 300 voices saying the other words. No attempt was made to build the
capability to handle variations in pronunciation due to speaker dialects into the
recognition algorithm. On the other hand, the new data base included the broad
range of dialectal variation, as pointed out by the dialect study. Thus, the new
recognition algorithm was constructed from a larger, more universal, and organized
data base. Tables 20 through 23 compare the results of entering a test set of
200 voices as entered against the old and new reference patterns. It is important
to note that this test set of 200 voices was not used in the construction of
reference patterns, and was selected across recorded dialects. Since the test set
included a broad range of American dialectal variation, it was considered to be a
reliable gauge for estimating how well the system might perform on a nationwide
basis. In each confusion matrix, the test set is represented by the vertical
column and the data base by the horizontal. The figures in the matrix represent
the percentage of correct recognitions to one-tenth of one percent; i.e., 926 is
92.6 percent.

Examination of tables 20 through 23, shows the following results:

Old Data Base New Data Base
North, South, East, West, Local 91.282 97.232
File; Specialist, Briefing, Amend, Close 92.15% 96.482
Affirmative, Negative, Yes, No 98,552 97.94%
Zero through Nine, Yes, No 92.282 94.032

With the exception of the subset (affirmative, negative, yes, no), the new
reference patterns recorded a notable increase in recognition accuracy over the old
patterns. The use of a linguistically more complete data base in the new system
also promotes the probability that it is better adapted to a wider representation
of the United States population. Upon closer inspection of table 22, we find that
there is a reduction in accuracy of 1.1 percent for the words "yes" and "no" in the
new dsta base as compared to the old. This indicates a need to reexamine the
reference pattern for these words.

32
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Nevertheless, it would be reasonable to assume, judging from tables 20 through 23,
that the improvements in accuracy, with the new data base, would raise the
performance of the Mass Weather Dissemination Engineering Model to a level quite
satisfactory for the general pilot population. In this model, only the following
three active vocabularies would be used:

1. "North, South, East, West, and Local" (97.2 percent accurate)
2. "Yes, No, Affirmative, and Negative" (97.9 percent accurate)
3. "File, Briefing, Specialist, Close, and Amend" (96.5 percent accurate)

Tables 24 and 25 show the recognition accuracy of the words in the phonetic
alphabet as they might be used in larger groups. While the overall accuracy
is good, some of the words have relatively high confusion rates, such as "zero"
and "kilo" as shown in table 25. It also appears that "enter” may not be the best
choice for a terminator since it has an appreciable correlation with almost all the
words in table 25 (see last column). Other terminators, such as the word "stop" or
the use of silence might produce better results.




TABLE 20.

Nerth
South
East
West
Local

North
South
East
West
Local

COMPARISON BETWEEN OLD AND NEW REFERENCE PATTERNS

FOR DIRECTION CONTROL WORDS

old
North South East West Local
926 5 22 5 39
22 778 79 0 119
23 0 960 0 15
11 0 23 959 5
29 5 11 0 853
91.282 recognized as correct word.
New
North South East West Local
952 5 23 0 17
5 970 5 0 17
0 8 983 0 8
5 0 23 970 0
6 0 6 0 987

97.23% recognized as correct word.
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TABLE 21.

File
Specialist
Briefing
Amend
Close

File
Briefing
Specialist
Close
Amend

COMPARISON BETWEEN OLD AND NEW REFERENCE PATTERNS
(FILE, SPECIALIST, BRIEFING, AMEND, CLOSE)

0ld
File Specialist Briefing Amend Close
964 17 0 5 11
0 947 35 0 17
0 11 938 28 22
0 101 0 790 107
16 5 5 11 961
92.15% recognized as correct word.
New
File Briefing Specialist Close Amend
987 6 0 6 0
0 940 5 11 41
0 6 969 12 12
11 11 0 965 11
0 12 12 12 962

96.48% recognized as correct word,

k1)
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TABLE 22.

COMPARISON BETWEEN OLD AND NEW REFERENCE PATTERNS

(YES, NO, AFFIRMATIVE, NEGATIVE)

No

Yes
Affirmative
Negative

Yes

No
Affirmative
Negative

old
No Yes Affirmative Negative
982 0 11 ' 5
11 988 0 0
0 0 988 ) 11
0 0 17 . 982

98.552 recognized as correct word.

New
Yes No Affirmative Negative
977 0 5 17
0 971 28 0
0 0 981 18
0 0 12 987

97.94% recognized as correct word.




]
TABLE 23, COMPARISON BETWEEN OLD AND NEW REFERENCE PATTERNS
(DIGITS ZERO THROUGH NINE, PLUS YES AND NO)
0ld
Zero One Two Three Four Five Six Seven [Eight Nine No Yes
Zero 920 0 11 0 11 0 0 16 0 11 16 11
One 0 955 0 0 5 11 0 0 0 0 0 27
Two 16 0 950 0 5 0 5 16 0 0 5 0
Three 0 0 11 971 5 0 0 0 0 11 0 0
Four 5 22 5 0 954 0 0 0 5 0 0 5
Five 0 29 0 0 11 911 5 23 5 11 0 0
Six 0 0 0 0 0 0o 977 0 16 5 0 0
Seven 11 0 16 5 22 5 5 906 11 0 5 11
EBight 0 0 5 11 11 0 93 0 853 5 5 11
Nine 0 17 0 34 0 98 5 17 0 826 0 0
No 22 0 5 5 11 0 0 22 0 11 920 0
Yes 11 0 0 0 5 0 5 23 23 0 11 918
92.28% recognized as correct word.
New
Zero One Two Three Four Five Six Seven Eight Nine No Yes
Zero 971 0 5 0 11 G -0 0 0 0 5 5
One 0 956 0 1] 10 10 0 0 10 0 0 10
Two 16 0 960 0 0 0 5 5 0 3 5 0
Three 0 0 0 954 0 5 16 0 5 16 0 0
Four 0 0 0 11 971 0 5 5 5 0 0 0 (9
Five 0 11 0 0 0 890 5 17 0 75 0 0 3 %‘
Six 0 0 0 0 5 5 927 27 22 11 0 0 b
Seven 10 0 5 0 10 3 32 906 0 10 0 16 5 -
Eight 0 0 5 17 11 0 28 0 920 11 0 5 i
Nine 0 0 0 5 0 46 0 5 0 942 0 0 ,
No 5 0 0 0 5 0 0 22 0 3 960 0 g
Yes 17 5 11 0 5 0 17 11 5 0 0 926 i3
94.03% recognized as correct word.
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TABLE 24, CONFUSION MATRIX POR PHOWNETIC Aq

Zula Quebec India Char Bravo Tange Juli Unif [Romeo Alphs Paps Whis Delts Xrey Mike

Zula 936 o 12 0 0 4 0 & 0 0 0 ) 0 4 0
Quebec o 812 3 0 0 7 19 0 0 0 o 31 o 27 3]
Indis 16 8 9% 0 0 0 12 8 ) 0 0 0 0 4 0
Charlie 0 0 0 94 - 3 0 0 3 7 ) ) ) 0 ) 7
Bravo 0 0 0 0o 93 0 3 0 3 0 19 o ) ) 0
Tango 0 0 7 0 3 848 0 7 0 ) 0 3 ) 7 0
Juliet 16 20 46 0 0 4 886 4 ) ) ) 4 ) ° )
Uniform s 8 20 0 0 12 4 913 ) ) ) ) ) ) 6
Romeo 0 4 4 0 0o . 4 0 0 906 ) ) ) . ()
Alpha 0 0 0 0 3 7 0 3 R TV 38 o 15 3 0
Papa 0 0 3 31 3 0 7 0 11 906 ) ° 1 0
Whiskey 0 12 0 0 0 4 4 4 ) ) 0 946 ) s 0
Delta 3 0 3 o 0 0 3 7 0 3 ) o 8% 7 )
Xray 0 0 8 0 0 4 0 8 0 0 . s A 9 0
Hike 0 0 0 3 0 ) 0 0 ) ) o 15 ¢ 3 940
Novesber 20 s 12 0 0 4 12 4 4 ) ) () ) . 4
Victor 8 0 12 0 0 4 o 28 4 0 o 2 o 16 0
Foxtrot . O ) 0 3 0 0 0 3 0 ° 3 0 o 7 0
Yankee 4 ) 16 0 8 12 8 s 4 0 ) s o ° 0
Echo 7 0 3 0 0 50 0o 19 ) 3 3 ) ) ? 0
Colf 3 7 0 0 0 3 0 0 0 0 3 ) 0 ) 0
Kilo 12 4 16 ) 8 2 0 ) 4 0 ) ) s s 0
Hotel s 8 0 4 0 8 0 8 4 0 ) 0 0 16 )
Sierrs 0 0 16 0 0 8 0 s ) ) ) ) ) ) 0
Oscar o o 0 0 0 0 ) ) 0 ) 4 4 0 ) 0
Lime 4 0 4 0 0 12 & 3 18 ) . 2 ° A 12

90.10% recognized as correct word.
1
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JNTUSION MATRIX FOR PHOWETIC ALPHABET

Poxt Yenk Echo Golf Kilo Hotel Sier Oscar Lims

Vict

Mike Nove

12

16

15

1n

27

k1

29

15

19

87

11

16

12

12

16

11

15

19

1

15

15

15

11

12

15

35

15

20

931

15

11

13

852

16

833

12

16

960

909

16

15

882

11

948

-879

12

829

60

28

16

932

21

926

32

20

12

16

12
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CONFUSION MATRIX FOR THE PHONETIC ALPHABET PLU

TABLE 25.

Juli

Tango

Bravo

Char

India

Zuls

Quebec

Rine
Xine

Eight

six

Pour Five

Twe Three

one

Zero

174

Zero

10

923

One

27

893

16

898

Three

13}

948

Pour

17

11

57

11

Pive

16

16

22

849

890

21

Seven

n

22

17 818

11

11

Right

849

12

12

12

826

12

43

2ulu

11

846

56

Quebec

41

41

776

17

11

India

938

[

Charlie

949

Bravo

816

11

11

11

Tango

1

[}

57

17

Juliet

902

17

2

11

Uniform

942

1

Romeo

887 22

11

16

Alpha

arn

23

17

11

17

Papa

16

1

1

11

0

Whiskey

11

i1

i1

Delts

17

11

17

11

17

Xray

Mike

28

17

11

Novewber

11

11

11

85

Victor

17

11

Foxtrot

11

11

23

29

Yankee

Echo

17

11

11

Golf

1

29

11

17

70

Rilo

12

18

18

Hotel

12

18

Sierrs

23

Oscar

1

29

Lima

11

17

I

n

3]

Enter

87.432 recogniaed as correct word
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'HONBTIC ALPHABET PLUS THE DIGITS AND ERTER

Lima Enter

Oscar

Sier

Hotel

Kilo

Golf

Eclo

Yank

Foxt

ct

ot

v

Mike Hove

Xxay

<

i

£

10

18

45

29

124

28

20

16

20

27

22

15

16

12

1}

10

12

L
A

15

17

17

15

31

22

16

2

22

21

10
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14
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17

17
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5
5
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12
5
0
0
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0
1
0
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0
0
5
0
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0
0
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5
1

0

ooosooooooo.’oon
-]
w N e O O " O O N W N O ~ ©
~N o
-
e © ©0 © O O © O 0 ~ O O = O o
- ™~
[ 3
e =~ © & © © O = o ©°o ©o o © -
- -

12
5
942
887 2
!
937

L3
902

e o s PN . AR S W D e+ OO O O QO ©

72
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1
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i1

0

50

15

12

22

765
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19

16

923

15

18

19

17

852

11

11

12

26

909

11

17

16

64 29

870
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12

14
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16

790

18

1%

879
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12

919

20
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17

1

858

&6

17

17

1

.39

& et ol




CONCLUSIONS

1. The prototype system, as demonstrated using the adaptation strategy for flight
plan filing, has definite potential for application to the enhanced Model 2 of the
Flight Service Automation Program. ¢

2. The requirement to spell out every flight plan entry character by character
would try the patience of the users. Even at 100 percent accuracy, the protracted
length of the transaction diminishes the attractiveness of filing in this manner.

3. The improvement in recognition accuracy with the new data base would raise the
performance of the Mass Weather Dissemination Program to a level quite satisfactory
for the general pilot population.

4. The dialect study and voice collection effort led to an outstanding improvement
in recognition accuracy.

RECOMMENDATIONS

1. Simplify the procedure for filing a flight plan by voice recognition. Make it
unnecessary for the pilot to spell out every flight plan entry character by
character.

2. Develop additional software to allow for further correction and edit
capability.

3. Develop written instructions for training general aviation pilots on how to use

the system effectively.

4. 1Install a telephone line in the Millville, New Jersey, Flight Service Station
to allow volunteer general aviation pilots to access the system at the Technical
Center and file simulated flight plans by machine recognition. Project personnel
should collect objective and questionnaire data on system performance. Note:
Approval from OMB should be obtained prior to testing.

5. Encourage user growth by permitting the system to become progressively more o
flexible with greater efficiency of input as the user's skill and confidence <
increase. !

b —— -
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APPENDIX A

EXPERIMENTAL FLIGHT PLAN TRANSACTIONS

In lieu of presenting a transcript of all of the recorded briefings, we have
selected six expcrimental flight plan transactions that represent various levels of
recognition accuracy. Of the six selected, th-ee are VFR and three are IFR.
Figures A-1 through A-3 show three VFR transactions that reflect good, fair, and
poor recognition accuracy, respectively. Similarly, figures A~4 through A-6 show
three IFR transactions that likewise reflect good, fair, and poor recognition. We
have defined "good," "fair," and "poor," as follows:

Good = greater than 95 percent
Fair = between 90 percent and 95 percent

Poor = less than 90 percent




Computer: Bello. this is the pilot's sutomated briefing system. Detailed operating
instructions are available for the new or occasionsl user. Do you wish
detailed operating instructions? Please esy yes or no immadiately after
the cue-tone.

User: Regative.

Computer: Say briefing, file, amend, specialist, or close.

User: File.

Computer: Standby to speak your flight plan immediately after the cue-toue.
Do you wish to file a VPR flight plsn? Say affirmative or negative.

User: Affirmative.

Computer: Did you say qﬂim:in?

User: Yas.

Computar: For the following entries use the phomstic siphabet, mmbers, and the

N worde poist, slast, hundreds, thoussnds, and enter. All eatries sre

terminated with the word eater. After the last elemsut of the reute of
flight has been entered, say the word enter by itself to proceed with
your flight plan. You mwet comfirm all sntries by saying sffirmative or
negstive. Thers will be 20 beep tone whem the girl asks s questioan.
Rater aircraft cell sigs.

User: November Sevea Three Seves Kilo.

Computer: Bovssber Seves Three Seves Xilo?

User: Tes.

Computer: Coutisue.

User: Alpha Exter.

Computer: Alphs Attemtiea?

User: Be.

Computar: Sorry, try agaim.

Oser: Alpha Bater.

Cemputer: Alphs Bater?

User: Yes.

Computer: Batar aircrelt type.

User: Paps Alphs Twe Bight Bater.

Computer: Paps Alpha Two Bight Sater?

User: Yea.

Computer: Bater destimation idestifier.

User: Alpha Charlie Kilo Enter.

Computer: Alpha Charlie Kilo Bater?

Usar: Yas.

Computer: Enter proposed departure time.

User: One Three Three Five Enter.

Computer: One Three Three Nino Enter?

User: o,

FIGURE A-l.

Computer:
User:
Computer:
User:
Computer:
Uner:
Computer:
User:

Computer:

Sorry, try agsin,

One Three Thres Five »atar.

One Three Three Five Enter?

Yes.

Enter estimated time en route.

2ero Tvo Pour FPive Euter.

Zero Two Pour Five Knter?

Yes.

The followiog information is recorded o sudie tepe. Plesse use matural
speach whea you amswer the question. A ailence of two seconds after

your respeuse will sdvaace you to the aent question. Enter departure
idencitier.

User: Delware Alrpark.

Conputer: Eatar true airapeed.

Csar: 130,

Computeér: Eater sltitude.

Uner: 7 thousend 5 hundred. .
Computer: Enter spacial equipment cede.
User: Tange .

Computer: Entar vouts of flight,

Uner: Divact Coyle divect Previdesce.
Conp : Sater sl i

Veer: Beston.

Canputer: Bater fusl on board,

Vear: & bours and 30 minutes.
Cemputer: Bater suaber en board.

User: 4

Computer: Enter celor of afrersfe.
User: Sreun and gold.
Computar: Enter hame bese.

Osar: Nastuchet .

‘mon Bater pilot’s nams, addrees, asd telephene awmber.
Deer: Subject’'s same, sddress snd telephone awmber.
Computer: Buter remarks.

User: LT O.%.

Computer: Your flight plaa has been axcepted snd filed. Do you require additions}
assistance?

User: Yes.

Computer: Bay hriefing, file, amend, specialist, vr close.

VFR TRANSACTION — GOOD
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Computer:

Vser:
Computer:
User:

Computer:

User:
Computer:
User:

Computer:

User:
Computer:
User:
Compuler:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
Uger:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
Ueer:

Computer:

Hello, this is the pilot’s automated briefing system. Detailed operating
instructions are available for the new or occasional user. Do you wiah
detsiled operating instructions? Please say yes or no immediately after
the cue-tone.

No.

Say briefing, file, amend, specialist, or close,

Pile.

Standby to speak your flight plan immediately after the cue-tane. Do you
wish to file a VFR flight plan? Say affirmastive or negative,

Affirmative.

Did you say affirmative?

Yes.

For the following entries, use the phonetic alphabet, numbers, and
the words point, stant, hundreds, thousands, #ad enter. All entries
are terminated with the word enter. After the last element of the route
of flight has been entered, say the word enter by itself to procced with
your flight plan. You must confirm all eatries by saying affirmative or
negative, There will be 10 beep-tone when the girl asks s question.
Enter aircraft call sign.

November,

Attention?

No.

Sorcy, try sgaian.

November Seven Three Seven Kilo.

Kilo Seven Three Saven Kilo.

No.

L'm sorry. Was your first word Kilo?

¥Wo.

What was it?

November,

Did you say November?

Yes.

Was the next seven?

Yes.

As was the next three?

Yes.

Was the next seven?

Yen.

Was the next Kilo?

Yes.

Continue.

Alpha Enter.

Please repeat.

Enter.

Alpha enter?

Yos.

Enter sircraft type.

Papa Alpha Two Right Enter.

Papa Alpha Tango Eight Enter?

FIGURE A-2.

User:
Camputer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Coaputer:
User:
Computer:
User:
Computer:
User:

Computer:

User:
GComputer:
User:
Computer:
Yser:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
Veer:
Computer:
User:

Computer:

User:

Computer:

No.

Sorry, try again.

Papa Alpha Two Eight Enter.

Paps Alpha Two Eight Enter?

Yes.

Enter Destination ldentifier,

Alpha Charlie Kilo Enter.

Alpha Charlie Kilo Enter?

Yes.

Enter Departure Time.

One Three Three Five Enter,

One Three Three Five Enter?

Yes.

Enter Time En Route.

Zero Two Four Five Enter,

2ero Two Four Five Enter?

Yes.

The followiag information is recorder on sudio tape. Please use natural
speech when you answer the question. A silence of 2 seconds after
your response, ¥ill advance you to the next question. Enter departure
identifier.

Delavare Airpack,

Enter true airspeed.

120.

Enter altitude.

7 thousand, $ hundred.

Entecr special equipment code.

Tango.

Enter route of Elight.

Direct Coyle direct Pravidenee.

Enter alternate airport.

Iol}o'\.

Eater fuel on board.

& hours snd 30 minutes.

Enter number on board.

2.

Enter color of aircrafe,

Srown and gold.

Enter howe base.

Mantucket .

Enter pilot's name, sddress, and telephone number.
Subject's name, sddress, and telaphone number,
Znter remarks.

LT O.K,

Your flight plan hes been excepted and filed. Do you require additional
assistance?

No.

Thenk you. Nave a good dey.

VFR TRANSACTION — FAIR
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Computer: Hello, this is the pilot's automated briefing system. Detailed operating
instructions are aveiladble for the nev or occasional user. Do you wish
detailed operating instructions? Please say yes or no ismediately after
the cue-tone.

User: Wo.
Computer: Say briefing, file, amend, epecialist, or close.
Uner: File.

Computer: Standdy to speak your flight plan iwmediately after the cue-tone.
Do you wish to file a VFR flight plan? Say affirmative or negative.

User: Affirmative.

Computer: Did you say affirmative?

User: Affirmative?

Computer: For the following entries use the phonetic aiphabec, numbers, and
the words point, slant, hundreds, thousands, and enter. All entries
are terminsted with the word enter. After the last element of the
route of flight has been entered, say the word enter by itself to
proceed with your flight plan. You must confirm all entries by saying
affirmative or negative. There will be no beep tone when the girl aske 2
question. Enter aircraft call sign. .

User: Novewber Seven

Computer: Plesse repeat.

User: Three Seven Kilo Alpha Enter?

Computer: Five Three Hundred Alpha?

User: Negative.

Computer: Sorry, try again:

User: Novewber Seven Three Seven Kilo.

Computer: November Seven Three Seven Kilo?

User: Alpha.

Computer: Piedse repeat.

User: Affirmative.

Computer: Continue.

User: Alpha Enter Enter. .

Computer: Alpha Tengo Enter?

User . Negstive.
Computer: Sorry, try agein. .
Ceer: Alphs Bater.

Computer: Alpha Eater?

Ueer: Atirmative.

Computer: Bater Aircraft Type.

Veer: Paps Alpha Two Bight Ruter.
Camputer: Oscar Bumdred Two Lima Rater?
Yeer: Megative.

Computer: Serry, try agaia.

Peer: Paps Alpha Twe Eight Sater.
Computor: Paps Alphs Tve Lima Rater?

[ ¢ Nagative,

Cusputer: 1'n serry — Was your firet verd Pape?
Soer:  Aftivestive.

Cemputer: Was the ment Alghat

Yoor: sfirmstive.

Camguter: Wus the asst Twe!

il Mtirestive.

Plesse use natursl

Enter departure

User: Bight.

Computer: Did you say eight?

User: Affirmative,

Computer: Was the next Enter?

User: Affirmative.

Computer: Enter destination identifier.

User: Alpha Charlie Kilo Enter.

Computer: 8ix Charlie Kilo Enter?

User: Negative.

Computer: Sorry, try again.

User: Alphs Charlie Kilo Enter.

Camputer: Alpha Charlie Kilo Enter?

Vaer: Affirmative.

Computer: Enter departure time.

User: One Three Three Five Enter.

Computer: Hundred Three Three Five Enter?

User: Negative.

Coaputer: Sorry, try again.

User: One Three Three Five Enter.

Computer: One Three Three Five Enter?

User: Aftirmative.

Computer: Enter estimated time en route,

User: Zero Two Four Five Enter

Computer: 2ero Tvo Four Five Enter?

User: Atfirmative.

Computer: The following information ie recorded on sudio tape,
apeech when you answer the question. A silence of 2 seconds after
your response will advance you to the mext question.
identifier.

Syar: Dalaware Alrpark.

Computer: Eater trwe aicspeed.

CUser: 120.

Computer: Bater algitwée.

User: 7 thousand, $ humdred.

Conputer: Sater special equipment cede.

Uper: Tango. o

Computar: Ester route of flight.

Yser: Direct Coyle direct Providence. i

Cesputsr: Ester al airpere. .

Yeer: Seston,

Conputar: Eater fuel oa bosrd. L

Geer: & hours and 3 Q-:n.

‘Computer: Snter susher ea beard. ’

Saer: 2.

Oemputer: Bater color of aircrate.

Geer: Brown awd gold.

Cemputer: Ester hows Sece.

Uesr: Bamtuchst . N
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User: Affirmative.
User: Bo.

s gn . . Computer: Was the next Enter?
Computer: Say briefing, tile, smend, spacialist, or close.
" User: Affirmative.
User: File.

Computer: Euter destination identifier.
Computer: Stsadby to spesk your flight plan immediately after the cue~tone. » b

Do you wish to Cile & VFR flight plan? Ssy affirmative or negative. . User: Alpha Charlie Kito Eater.
User: Affirmative. Computer: 8ix Charlie Kilo Enter?
Computer: Did you say affirmative? User: Regative.
User: Affirsative?

Computer: Sorry, try egain.

Computer: Por the following entries use the phonetic alphabet, aumbere, snd User: Alpha Charlie Kilo Enter.
the vorde point, slant, hundreds, thousands, and enter. All entries
are terminsted with the word enter. After the laat element of the
route of flight has been entered, say the word enter by itself to
proceed with your flight plan. You must confire all entries by saying User: Affirmative.
aftirmative or negative. There will be no beep tone when the girl asks a
question. Enter sivcraft call siga.

Computer: Alpha Charlie Kilo Enter?

Computer: Enter departure time.

User: Novewber Seven User: One Three Three Pive Enter.

Computer: Please repeat. Computer: Hundred Three Thre: Five Eater?

User: Three Seven Kilo Alpha Enter? User: Negative.

Computer: Five Three Hundred Alpha? Computer' Sorry, try again.

User: Negative. User: One Three Three Five Enter.

Computer: Sorry, try again: Computer: One Three Three Five Eater?

Usger: November Seven Three Seven Kilo. User: Affirmative.

Computer: Novemwber Seven Three Seven Kilo? Computer: Enter estimated time en route.

User: Alpha. User: Zero Two Four Five Enter

Computer: Please repeat. Computer: Zero Tvo FPour Five Enter?

User: Affirmative. User: Affirmative.
Computer: Continue. Computer: The following information is recorded on audio tape. Plesse use natural
speech when you answer the question. A sileace of 2 seconds after
User: Alpha Enter Enter. . your response will edvance you to the mexat question. Enter depsrture
identifier. :
Computer: Alpha Tango Snter?
User: Dulaware Airpark.
User: Begstive.
Computer: Enter true airspsed.
Computer: Sorry, try again. .
User: 120.
User: Alpha Enter.

Computer: Enter altitude.
Computer: Alpha Enter?
User: 7 thousand, 5 hundred.
User: Aftirmative.
¢ Computer: Bater special equipment code.
Computer: Enter Aircraft Type.
User: Tango.
User: Paps. Alphe Two Kight Encer. .
Bendred Two Lims Eater? Computer: Enter route of flight.
Computer: Oscar 'wo cer

User: Direct Coyle direct Prowidemce.
User: Wegative. .
Computer: 2ater altermate airport. .
Computer: Sorry, try again. I
: User: Soston.

il et T Tl e Compoter: Rater fuel en board
Computer: Pape Alpha Two Lima Rater? .
Woer: Wegative. User: 4 hours and 30 mimutes.
Cosputer: I'm sorry — Was your first vord Pepet? Computer: Rater mumber oa board.
Yser: Aftirastive. User: 2.
Computer: Wes the sext Alphat OComputer: Rater color of sireraft.
Weer: Affirmative. Ysar: Brown amd gold.
Cemputer: Ves the west Twel Computer: Rater hows base.

User: Hastucket.
::tn- ::‘:::z Lise? Computer: Enter pilot's wese, eddress, avd telophone nvaber.

. Gser: Subject’'s aame, address, snd telephone wupber.

:-':;cn ::.:.ut Computer: Eater remarks.

User: LT 0.K.

User: Bight.
Computer: Your flight plan has been filed. Do you rsquire additional sssistancet?
Cenputar: Bid you say Vieter? ’
“ User: Wegative, Wegotive.
Uear: egative.

Computer: What 4id you say? Computer: Thark yeu. Nave s nice day.
er;

FICURE A-3. VFR TRANSACTION -— POOR
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Computer: Say briefing, file, amend, specialist, or close. Computer: There is o preferved route for your entry. Rater first route element.
Usar: File. User: Tango .engo Wovember Two Enter.
Computer: Standby to speak your flight plan immediately after the cue~tome. Computer: Tango Tengo Nuvewber Two Enter?

Do you wish to file s VPR flight plan?! Say stfirmative or negetive.
User: Yas.
User: Wegative,
. Computer: Eater next route element.
Computer: For the following entries, use the phonetic siphabet, nusbers

words poiat, slant, hundred, thoussnds, and enter. All eatries are User: Romeo Indiz Cherlie Enter.
terminated with the word enter. After the last element of the route of

flight has been entered say the word enter by itself to proceed with your Computer: Romeo India Charlie Znter?
Elight plan. You must confirm all entriea by saying affirmative or

negative. There vill be no besp-toune when the gir! asks a question. User: Yes.
Enter aircraft call sign.
Computer: Enter naxt route element,
User: November Your One Zero Whiskey.
User: Juliette Five Two Bnter.
Computer: Novesber Tango One Zero Whiskey?
Computer: Juliette Five Two Enter?
Peer: o,
User: Yes.
Computer: Sorry, try agein.
Computer: Eater next route element.
User: November Pour One Zero Whiskey.
User: Charlie Alphs Echo Enter.
Computer: Novesber Four One Zevo Whiskey?
Computer: Charlis Alpha Bcho Enter?
User: Yes.
Uger: Yes.
Computer: Contisue.
Computer: EZnter next route element.
User: Bravo Enter.
User: Juliette Seven Five Enter.
Camputer: Bravo Enter?
Computer: Juliette Seven Pive Enter?
User: Yes.
User: Yes.
Computer: Enter sircraft type and special equipment code.
Computer: Enter next route element.
User: Colf Two Slant Foxtrot Enter.
User: Tango Alpha Yankee Enter.
Computer: Golf Two Slant Poxtrot Enter?
Computer. Tango Alphs Yankee Bater?
User: Yes.
User: Yas,
Computer: Eater destination identifier.
Computer: Eater naxt route element.
User: Tango Papa Alpha Enter.
User: Juliette One One Winer Enter.
Computer: Tango Papa Alpha Enter?
Computer: Juliette One One Nimer Enter?
User: Yes.
User: Yes.
Computer: Enter departure time.
Computer: Enter next coute element.
User: Zero Tight Five Zevo Enter.
User: Enter.
Computer: Victer RBight Pive Zero Enter?
Computer: Enter?
User: ¥o.
User: Yes.
Computer. Sorry, try asgain.
Computer: Enter remarks.
User: Zero Eight Five Zearo Bnter.
User: Alpha Delta Charlie Uniform Enter.
Computer: Zero Bight Pive Zero Enter?
Computer: Alpha Delta Charlie Uniform Eater?
User: Yes.
User: Yes.
Computar: Enter estimated time en route.
Computer: The following information is recorded on audio tape. Please use natural
User: Zero Two Two Zero fnter. speach vhen you answer the question, A silemce of 2 seconds after your
response will advence you to the next question. Enter aiternate airport,
Computer: Zero Two Two Zero Eater?
User: St. Petersbury.
User: Yes.
Computer: Enter fuel on board.
Computer: Enter sircraft's trve asirspeed.
User: & hours.
User: Pour Four lerc Enter.
Compyter: Enter number on board.
Computer: FPour Fowr Zero Ester?
eer: 10,
User: Yes.
’ Cemputer: Bater coler of aircreft.
Couputer: Sater departure identitier.
User: Orsnge snd Brown.
User: Tange Tango Wevember Unter.
Computar: Enter heme base.
Computer: T T Hovenber Enter?
. T User: Philadelphia.
User: Yeoo.
Computer: Pi{lot‘s name, address, and telaphone number.
Computer: Enter Progeses Altitude.

User: Subject's name, sddress, and telephone number.
User: Theee Riner Rere Euter.

Computer: Your flight plan has Deen axcepted and filed. Do you require sdditional
Computer: Three Riwer Zero Bater? assistence?
User: Yes. . User: No.

Computer: Thank yeu. MNave a good day.

PIGURE A~4. IFR TRANSACTION — GOOD




Computer: Sey briefing, file, amend, specialist, or close. User: Yes.
User: File. Computer: Enter proposed departwre time.
Computar: Standdy to apesk your flight plaa immediately after the cue-towe. Do you User: Two Zero Three Zero Ector.

wish to file a VPR flight plan? Say affirmative or megstive.
Computer: Two Zero Three Zero Enter?
User: Wegative.
User: Yes.
Computer: Did you say negative?
Computer: Enter estimated time en route.

User: Yas.
Vser: Zera Zero Pour Five Enter.
» Computer: For the foilowing entries, use tha phoaetic alphabet, nusbers, and the .
& words pointe, slant, hundreds, thousands, and enter. All entries are Computer: Zero Zero Four Five Enter?
terminated with the word enter. After the last element of the route of
flight has been entered, say the word eoter by itself to proceed with User: Yes.
You sust confivw all entries by ssying affirmative or
. ill be no beep-tome when the girl asks a question. Computer: Enter tcue sirepeed.
Sater sircrafe cell sign.
User: Two Zero Zero Enter.

User: Romeo Alpba November Two Seven.
Computer: Two Zero Zero Enter?

Computer. Romeo Alpha November Two Atteation?
User: Yeo.

Usar: Na.
Computer: Later departure identifier,

Computer: Sorry, try agaia.
Usar: Romeo Alpha Novesber Two Sevean.

User: Alpha Charlie Yankee Enter.

Alpha Charlie Yankee Enter?
Computer: Romso Alpha November Two Atteatioe?

Yes.

Usar: Wo.
Computer: Enter proposed altitude.
Computer: I'm sorry — Was your firet word Romeo?
put i 4 User: Five Thousand Enter.

User: Yeo.
Computer: Five Thousand Atteation?

Computer: Wes the next Alpha?
User: Wo.

User: Yes.
Computer: Sorry, try again.

Computer: Was the sext Novewber?
User: Five Thousand Enter.

User: Yes.
Computer: Five Thousand Enter?

Computer: What was it?
User: Yes.

User: Wovesber.
Computer: There is no preferred route for your eatry. Enter first route element

Computer: Did you say Motell
Y User: Chartie Yankee November Enter.

User: Bo.
Computer: Charlie Yankee Novewber Eater?

Computer: WUhat did you say?
User: Yes.

User: Povember.
Computer: Enter next roure element.

Computer: Did you say Lima?
anp y oy User: Victor One 8ix Eater.

B LN
User Comouter: Victor One Six Enter?

Computer: Eater sircraft call sign. User: Yes.

: Two Seven.
User Beaes Alpha November o= Computer: Enter sext route elament.

: Two A~ray?
Cemputer: Rowse Alpha November ray User: Rater.

User: Yo. Computer: Enter?

Computer: Sorry, try again.
Uoer: Romeo Alpha Novesber Two Bevea.

Uoer: Yes.

Computer: Enter remarks.

. 1
Computer: Romeo Alpha November Two Sevea User: November Oscar Movember Echo Enter.

User: Yas.

puter: Oscar ber Echo Enter?

Computar: Coutinue. User: Yes.

User: Pive Enter Encer Rater. Computer: The following informetion is recorded oo sudio tape. Please use nateral
speech when you anewer the question. A silesce of 2 seconds after your

s 1
Computer: Five Victor Tenge Eater response will advance you to the next question. Knter slternste sirport.

User: Wo. User: Neuark.

Computer: Sorry, tey egain. Computer: Eater fuel on board.
User: Five Sater. User: 3 hours.

Computer: Pive Eater? Computer: Enter number on beard.
User: Yas. User: 15,

Computar: Eater aireraft type su) specisl equipmene code. Computer: Eater color of sircraft,

User: Boveuber Belts Two Siz Slaet. User: White snd Blue.

. ?
Computer: Noveaher Delts Two Six Stent Computer: Enter howe base.

User: Yes. Uner: Sorth Philedelphia.

Computer: Continue. Cemputer: Pilot's name, sddress, and telephone nusber.

Soer: Alphe Bater. ’ User: Sbject 's name, sddress, and telephone number,
Computar: Alphe facert Computer: Your flight plan has been excepted and filed. Do you require additisnal
Yser: Yeosu. sasiotance?
np t Sater dustisstion ldestifier. User: Yes.
‘i vear: Juliette Pestret Kilo Bater. ' Computer: Say briefing, file, amend, specialist, or close,
‘ Comp: i Juliette P Rilo Snter?
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Computer:
User:

Computer:

User:
Computer:
User:

Computer:

User:
Computer:
User:
Computer:
'ser:
Computer.
User:
Computer:
U'aer:
Computer:
User:
Computer:
User:
Computer:
lser:
Computer:
User:
C.o-pul'r:
User:
Computer:
User:
Computer:
User:

Computer:

Computer:
Uner:
Conputer:
Voer:
Computer:

Uoer:

Computer:

User:
Cemputer:

User:

Computer:

User:
Comput er:
User:
Conputer:
User:
Coniput er:
toer:
Computer:
User:

Conputer:

Camputer:

Hewr:

Say briefing, file, amend, specialist, or clase.

Fite.

Standby ra <peak vour flight plan immediately after the cue-tone. Do you
wich to [ile a VFR flight plan? sav affirmative or negative,

Negative.

Did you say negative?
Affirmative.

For the following entries, use the phonetic alphabet, numbers, and the
words point, slant, hundreds, thousande, and enter. All entries are
terminated with the word enter. After the last elewent of the route of
flight has been entered y the word enter by itself to proceed with
vour flight plan. You must confirm all entries by saying afficrmative or
negative. There will be no beep-tone when the girl asks & question.
Enter aircrafe call sign.

November Four One Zero Whiskey.
November Four One Zero Whiskey?
Affirmative.

Cont inue .

Sravo Enter.

Bravo Enter?

Affirmative.

Enter aircraft Cype and special equipment code.
Cotf Two Slant Foxtrot Enter.
Golf Two Slant Foxtrot Enter?
Affirmatave.

Please repest.

Affirmsative.

Enter destination identafier.
Tango Papa Alpha Enter

Tango Paps Alphs Enter?
AfFirmacive.

Enter departure time.

Zero Eight Five Zero Enlter.
Zero Eight Five Zero Enter?
Affirmative.

Enter estimated Lime en route.
Zero Two Two Zero Enter.

Zero Two Two Zero Enter?
Aftirmative.

Enter true airspeed.

Four Four Zero Enter.

Pour Four Lero Enter?
Affirmetive.

tater departure identifirr,
Tango Tengo November Enter.
X-ray Yango Novewber Eater?
Negative,

Enter proposed sltitude.

Three Winer Zerc Enter.

Twree Niner 2ero Enter?
Aftiroative.

There is no preferred roste for your entry. Enter first rowte element.
Tangn Tengo Nevesber Two Kater.
Tengo Tengo Wovesber Twe Unter?
AMiiraative.

Enter went rowte elomenr.
Reweo ladis Chariie Bater.
Somwo tndis Charlie Eater?
Affirancive,

Enter went reuts slement.
Juliette Pive Two Enter.

Jutiette Five Two Unter?

Computer:
l;m-r:
Computer:
Vser:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
Veer:
Computer:
Uner:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
User:
Computer:
Urer:
Computer:
User:
Computer:
User:
Computer:
User:
Caomputer:
User:
Competer:
Usar:
Camputer:
User:
Cemputer:
Uter:
Computer:
User:
Computar:
Urer:
Canputer:
User:
Compiter:
User:
Computer:
User:

Computer:

Enter next route element .

Juliette Seven Five enter.

Stant Seven Fcho enter?

Nexative.

Sorry, try again.

Juliette Seven Five enter.

Juliette Seven Five emter?
Affirmative.

1'® sorry — Was your flrst word Juliette?
Affirmative.

What vas it?

Juliette.

Did you say India?
Negative.

Please repeat.

No,

What did you say?
Juliette. .
Did you say Sient?

Ro,

Eater next route element.
Juliette Seven Five enter.
Juliette Seven Five enter?
Aftirmative.

Enter next route element.
Tango Alpha Yankee enter.
Plaase repeat.

Enter.

Taogoe Alpha Yankee Victor enter?
Negative.

Sorry, try again.

Tango Alpha Yankee enter.
Tengo Alpha Yankee enter?
Affirmative.

‘e sorry — Was your firet word Tango?
Yes.

Wes the next Alpha?

Yes.

Wae the next Yankee?

Yes.

Wan the nest Enter?

Yes.

Enter saxt route element.
Jutiette One One Niner ca!>er. -
Juliette One One X-ray X-ray?
%o.

Sorry, try again.

Jutiotte.

Please repesnt.

Juliette.

Eacer sent route clememe,
Juliette One One Biner Eater.
Juliette One Owe Biner Enter.
Yes.

Eater nest route slemem.

Enter,

Enter?

Tas.

Enter remarhe.




. wap.ter Meavo Enter’ ——— [ .
Computer: what did you esy’
Caer Aftirmative
User: Juliatte.
Computer Enter sircraft type and special equipment code.
Compyter: Did you say Slamt?
User: Golt Two Slant Foxtrot Enter.
User: No.
Computer: Golt Two Slant Foxtrot Eater?
Eater sent route eloment .
tUser: Affirmative.
Juliette Seven Five enter.
Comput ey Please repeat.
Juliette Seven five enter?
User Affcrmative.

Alfirmative.
Computer: Enter destination identifier.

Computer: Eater mext reute elewent.
User: Tango Papa Alpha Enter

User: Tengo Alpha Yaskee enter.
Computer: Tango Papa Alpha Enter?

Computer. Please repest .
vser: Atfirmative
N User: Enter.
Computer: Enter departure Uime.

Computer. Tango Alpha Yashee Vicior enter’
User: Zero Eight Five 2ero Enter.

User: Regative
Computer: Zero Eight Five Zero Enter?

Computer - Sorry, (ey again
User: Affirmative.

tser: Tangs Alpha Yanker enter.
Computer: Enter estimated time en route.

Computer: Tango Alpha Yamkve entorv?
User: 2ero Two Two Zevo Enter.

User: Affirmative.
Computer: Zern Two Two Zero Enter?

Computer: 1's sorry — Was vour (iret word Yemge®
User: Affirmative.
You,

Computer: Enter true airspeed.

Computer: Was the nest Alphe’
Ueer: Four Four Zero Enter.

User: Yea.
Computer: Four Four Zero Enter?

Computer: Wes the next Yanhee!
User: Affirmative.

. Vse You.
Computer: Enter departure identifier.

Lomput e dan the neut Yater?
User: Tangn Tange November Enter.

User: Yea.
Computer: X~ray Tango November Enter?

Computer: Enter aest reute eleaent
User: Negative.

User: Juliette One One Niner onter.
Computer: Enter proposed alritude,

Computer: Juliette One One K-say X-ray’
User: Three Miner Zero Enter.

User: Wo.
Computer: Three Niner Zero Enter?

Computer: Sorry, try again.
User: Affirmative.

User: Juliette.
Cowputer: There is no preferved voute for your entry. Enter first rowte elemant .

Computer: Plesse repeat.
User: Tango Tango November Two Enter.

User: Juliette.
Computer: Tango Tango November Two Enter?

Computer: Enter mext voute element .
User: Affirmative,

User: Juliette One One Niner Eater.
Computer: Enter next rovte element.

Computer: Juliett- One Ome Nimer Enter.
User: Romeo Indis Charlie Eater.

User; Yes.
Computer: Romeo lndias Charlie Enter?

Computer: Eater neut route element.
User: Affirmative,

User: Enter.
Computer: Enter next raoute elemant.

Computer: Entec?
User: Juliette Five Two Enter.

User: Yes.
Computer: Juliette Five Two Enter?
Computer: Enter remarks,

Use Affireative.

User, Alpha Delra Charlie Uniforn Encer.
Computer: Enter next route element.

Computer: Alpha Delts Charlie Unifora Enter?
User: Charlie Alpha Echo enter.

User: Yes.
Computer: Charlie Alpha Echo enter?

R . Computer: The foliowing informstion is recorded on sudio tape. Please use nstursl
User: Affirmative. speech vhen you answer the question. A silence of 2 seconds after your
response will sdvance you to the next question. Enter alternate airport.

Computer: Sorfy, try again.

. ) User: St. Petersburg.
User: Affirmative Alpha Tcho enter.

? Computer: Enter fuel on bosrd.
- Computer: X-ray Alpha Echo enter?
) User: 4 hours,
Uner- Negative.
. Computer: Enter number on board.
Computer. 1'm sofey - wan your first word X-ray?
Yser: 10.
Usmp: Negaltive

ot et - Computer: Enter color of sircraft.
put wr: at was it?
Yser; Orange and brawn.

Vune Charlie,

Compyter: Enter home base.
Computer: Did you sav Charlie?

tiser: Philadeiphia.
Vaer: Aftirmative.

Computer: Pilot's name, address, and tel number,
Computer: What did vou eay? ) “phone ’

rer: . [[FYTH Subject’s name, sddress, and telephone number.

Compater. Did yom a3e porne? Computer: :::‘:‘I.;‘-:t, pisn has bean exceptod and filed. Do you require additional
tanme: Negative, (LT Na,

Computer: Enter aval rowle element, ‘ Comput e Plagae repuat .

Yoy : Charlse Alphe Beho enter. Uaeer: L 1IN

Comguter: Charlie Alpha Bchi enter? Computer: Thank v Nave a good day.

Bowe: Alfrrmetive

FIGURE A~6. IFR TRANSACTION — POOR
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